INTRODUCTION
A prototype high speed image processing system has been developed. This system is designed to real time process industrial NDE images in a practical applications environment such as on an inspection line. The portable system is lightweight and small and is ideal for the working environment. A photograph of the constructed 80188 real time image processing system is shown in figure 1 .
The input signal is a standard composite video signal which may come from an inspection workstation, TV, TV camera, or VCR. The system consists of three parts: AID unit, DIA unit and the processing unit. Images are digitized by the AID unit and are processed by various image processing algorithms in the processing unit. The processed images can be replayed through the DIA unit and then video taped. The entire procedure is controlled by six push buttons. The AID and DIA units are state machines designed to capture and replay video signals at the rate of 30 pictures per second and aresolution of 256 by 256 pixels with 256 gray levels. EE lA!pt .
• Figure 2 The system operating environment
The RCA 3318 flash converter and the INTECH 1852 video AID converter are used in the AID and DIA units. The AID unit and DIA unit are controlled by an Intel 80188 microprocessor which also controls the communication ports between the AID unit to the image processing unit, and between the image processing unit to the DIA unit. The functions chosen by the six push buttons are: AID capture and DIA display, zoom an area, smoothing filter, histogram equalization, edge detection and bi-directional transmission of image files between the processing system and a higher level computer. The system has a RS232 series port used to transmit digitized images to other computers for off-line processing when higher level processing is required. Digitized images can be sent to the SUN 3/60 computers. We developed a menu driven image processing package on the SUN 3/60 computer whose color monitor has aresolution of 1152 by 900 with 256 colors. The package inc1udes many image processing methods and it is designed to be user friendly. Figure 2 shows the 80188 real time image processing system operating environment.
VIDEO SIGNAL OVERVIEW
The television screen consists of two sets of interlaced scan lines which together comprise a complete television image. Each vertical sc an, which consists of a set of horizontal scan lines, is called a field and a frame contains two interlaced fields. A frame is composed of 525 horizontallines and a field consists of 262.5 horizontal lines.
Since 30 frames are transmitted each second, the time to transmit one line is Every horizontal line in the video signal is identified by a blanking horizontal sync pulse which occurs with aperiod of about 63.5 USec. The horizontal sync pulse separates horizontal lines and causes the electron gun to end the current line and sweep back to the left edge for another line. During this retrace interval, a blanking voltage is inserted to insure that the retrace is not visible on the television screen. Figure 3 shows the voltage signal sent to the electron gun during a horizontal scan. It is composed of horizontal sync pulses and video infohnation. As shown in Figure 3 , there are about 10 microseconds used for retrace and blanking, and about 52 microseconds used for actual video information on a horizontalline.
Since a frame is completed in 1/30 second, one field requires 1/60 second. Because the two fields are interlaced, they are offset by half a line. Therefore, the timing waveforms at the end of each field are different and can be used to identify which field was sent. The fields are separated by aseries of equalizing pulses and a vertical sync pulse. The equalizing pulses are used to account for the half line offset evident in a frame and to properly initialize the vertical sweep detector in a televi~ion. A vertical sync signal separates the two fields. The electron gun uses the vertlcal sync pulse to end the current field and retrace to the top of the screen to scan the next field. A blanking voltage is used again for the vertical retrace because the retrace should not be visible on the screen.
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63 .5 us Figure 3 Composite one horizontal scan viseo signal SYSTEM CONFIGURATION To accomplish our design goal for the overall system, we defined six basic parts for the 80188 image processing system: 1. Analog to Digital Capture Unit: Detecting the sync pulses, converting a video signal to specified digital form, and storing data in memory for further processing. 2. Digital to Analog Display Unit: Converting digital data to analog information, composing video picture with the sync pulses, and displaying the image on the screen. 3. Control Unit: Generating various control signals from timers, the microprocessor, or using the sync pulses derived from the video signal to control entire system functions. 4. Image Processing Unit: Enhancing images, detecting features of images, and performing various operations for images. This is the most important facet of an image processing system. 5. Memory unit: storing the digitized images. 6. RS232 Serial Port: transmitting and receiving digitized image to or from other computers for further processing. Figure 4 shows the relations between the units. In the following sections, the major units listed above will be described. Knowing that approximately 53.5 microseconds are used to displayavideo line, we are able to determine the amount of storage and the sampling frequency of the converter. Considering the memory cost, we chose a capture size of 256 by 256 pixels. Therefore, the sampling frequency should be 256 / (53.5 microseconds) or approximately 5 MHz. This requires static RAM to have a cyc1e time of no more than 200 nanoseconds. We chose static RAM with a cyc1e time of 120 nanoseconds which allows us 10 have 80 nanoseconds for AID conversion time. The RCA 3318 Flash converter is used to convert analog video signal to 256 gray sc ale levels. The RCA 3318 has a conversion time of about 55-65 nanoseconds.
There are four basic parts in the AID unit: pre-processing unit, sync pulse detector, AID converter, and timer. This part of the work is based on the work done by S.
Ciarcia [1, 2] with some modifications. The input signal is standard -composite video signal. The pre-processing unit is designed for impedance matching, c1amping a DC offset, filtering out the information used to encode the color, and amplifying the signal to ensure that the enough current is supplied to the RCA 3318 flash A!D converter.
The c10ck for the RCA 3318 is 5 MHz divided down from a 10 MHz crystal c1ock. The RCA 3318 is enabled by both an 80188 control signal and the produced sync pulses. The sync detector inc1udes an inverter, an integrator, and LM311 comparators. If the video voltage drops below 0.2 volts, the LM311 comparator output goes low and horizontal or vertical pulses are detected. Because vertical sync pulses are 27 microseconds in duration, a peak value of the integrator indicates that a new field is coming. The output of the integrator is sent to a LM311 comparator which produces a square wave pulse during the vertical sync pulses of each field.
DIGITAL TO ANAWG DISPLAY UNIT
When capturing video signals, all of the timing information is extracted from the incoming video signal. This facilitates the process of ND capture. A PAL state machine was designed to generate seven very precise pulses including equalizing and vertical sync pulses. The signal provided by the PAL state machine are used to properly synchronize the TML 1852 video DIA converter and properly address the static RAMs in conjunction with DIA display. The primary controlling signals for the TML 1852 chip are the horizontal sync pulses, the blanking voltages and the clock. They are provided by the PAL machine.
MEMORY UNIT
Since the video picture is digitized by taking 256 sampies per line and 256 lines per field, 64K bytes of memory are required. We used two CDM62256-120 32K bytes static RAM chips, with a access time of 120 ns. The RAM is accessed in two modes: processor mode and digitizing mode. A multiplexer is used to switch the readlwrite control signals to the RAM between the 80188 and the digitizing capture and display units. This also controls the direction of data flow. During the processor mode, the RAM receives the control signals from the microprocessor. During the ND capture mode, the RAM is always obtaining data at the same rate as the sampling frequency from the flash 3306 converter. The Output Enable of the RAM is then disabled, (to insure no stray data on the data bus), and the Write Enable is connected to the sampling clock. Likewise during the DIA display mode, the RAM is always sending data to the 1852 VDAC and the same sampling frequency. In this case, however, data is read from the RAM and never written to it during the display mode.
CONTROL UNIT
The functions of the control unit are provided by the PAL state machine, various counters, and 80188 microprocessor. These control signals are used to preset, load, clear, enable and disable different units. They are also used to generate various synchronous timing signals for counters, TV sync pulses, and memory address.
IMAGE PROCESSING UNIT
The heart part of this unit is the Intel 80188 microprocessor which is used to execute several image processing programs. The programs are written in assembly language and they are stored in a 2764 EPROM wich has a capacity of 8K bytes. These programs have been implemented for image enhancement: smoothing, edge detection, histogram equalization, and zooming. For the details of the algorithms, see references [3] and [4] .
EXPERIMENTS
The 80188 real time image processing system has been successfully constructed and tested. By pushing buttons, images can be captured, processed, and replayed in real time. Within a few seconds a specific image can be processed and displayed. Since this system is easy to carry and only requires a TV monitor and standard video input signal, it should be easy to apply it to many application fields to obtain efficient. image analysis and enhancement results. We digitized NDE Infra·red images from video tape provided by McDonnell Douglas Aircraft Company. The images were processed in real time by the 80188 image processing system. figure 5 and 6 were obtained in real time processing by pushing the buttons of the 80188 system. A digitized image was also used for an example in another paper given by Y. Zheng in these proceedings [5] .
At the time we were developing the 80188 image processing, we developed a menu driven image processing package on the SUN 3/60 system. The software on the SUN 3/60 was designed to be user friendly. More advanced image processing software programs are included that are not available on the constructed 80188 system. We sent the digitized images to SUN 3/60 system through the RS232 port. 
